The sperm whale (Physeter macrocephalus) clan is a social unit that shares a similar repertoire of vocalizations called codas. Coda repertoires and clan structure are well studied in sperm whales of the eastern tropical Pacific, but information is limited in the western North Pacific. We compared sperm whale codas recorded from female and immature sperm whales in 2 areas near Japan, off the Kumano Coast and off the Ogasawara Islands, to determine whether different clans exist in these waters. Repertoires of coda types were different between the 2 areas, and the lengths of codas consisting of the same number of clicks were longer in duration near Kumano than near Ogasawara. Our results suggest that different vocal clans inhabit in these 2 areas. Such clear geographic structure of clans is not known in other waters in the Pacific and distinct environmental features may favor a clan in which members share a specific foraging strategy and coda repertoire, both of which likely are transmitted through social learning.
Sperm whales (Physeter macrocephalus) make stereotypical broadband clicks termed codas, mostly when socializing at the surface as a group (Watkins and Schevill 1977; Weilgart and Whitehead 1997) . Codas are exchanged among whales and are considered to have a communicative function (Schulz et al. 2008) . Female and immature sperm whales live in a stable social unit and movement of individuals between groups is limited (Christal et al. 1998) . Each unit has its own coda repertoire, which is considered to be transmitted among individuals by social learning. Units of related sperm whales that share a similar coda repertoire are called clans (Rendell and Whitehead 2003) . Such units tend to share foraging strategies, as well as coda repertoires, also as a result of social learning (Whitehead 2003; Whitehead and Rendell 2004; Marcoux et al. 2007 ). There are 4 or 5 clans of sperm whales known from the South Pacific. Although each clan has a specific distributional range, these ranges overlap considerably (Whitehead 2003) . Interestingly, there are no such sympatric clans observed in the North Atlantic and coda repertoire varies geographically (Antunes 2009; Whitehead et al. 2012) . Social units of sperm whales in the South Pacific form groups with other units having similar foraging strategies and coda repertoires to cope with higher predation pressure by killer whales (Orcinus orca), and this results in clan structure (Antunes 2009; Whitehead et al. 2012) .
There is no information on the coda repertoire and clan structure in sperm whales in the western North Pacific. Sperm whale codas were recorded in the 2 regions off Japan where groups of female and immature sperm whales are regularly encountered; off the Kumano Coast and off the Ogasawara Islands (Fig. 1) . These 2 regions are separated by about 1,000 km. Sperm whales are encountered only in the spring and summer off the Kumano Coast (Takahashi 2001) , whereas they occur throughout the year off the Ogasawara Islands . Based on the past catch records from the land-based sperm whaling industry and information from Discovery tags (metal cylinders embedded in the whale's body and retrieved after taken), both areas are considered to be within the range of the southwestern North Pacific stock of sperm whales (Kasuya and Miyashita 1988) . However, photo-identification research in these regions, which has identified more than 200 sperm whales at each site, has thus far not identified any single individual seen from both regions (Takahashi 2001) .
Because clans show genetic distinctions (in mitochondrial DNA) and have characteristic behavior, it has been argued that they should be considered population units for management and conservation. However, different clans are sometimes sympatric (Rendell and Whitehead 2003) , whales of a clan frequently make long-distance movements of more than 1,000 km Mizroch and Rice 2013) , and sperm whales show relatively low genetic variability (Lyrholm and Gyllensten 1998; Lyrholm et al. 1999) . Thus, it can be difficult to recognize and delineate a management unit, such as a clan, by ordinal methods based on the geographic range or using genetic or other variations . Recognition of the management unit of sperm whales is thus often possible only by characterizing the vocal repertoire of a group (Rendell et al. 2011) .
We recorded codas from sperm whales in 2 distinct areas off Japan and compared them in order to investigate whether the whales in these 2 areas were part of the same clan.
MATERIALS AND METHODS
Sperm whale vocalizations were recorded off the Kumano Coast and off Chichi-jima Island of Ogasawara Islands, between 2006 and (Fig. 1) . The recordings were carried out during photo-identification and diving behavior studies (Aoki et al. 2007 (Aoki et al. , 2012 .
Either a Whale-Phone (Shizuoka Oki Electronic, Shizuoka, Japan) or Aquafeeler (System Intec, Kyoto, Japan) hydrophones and TCD-D8 digital audio tape recorder (Sony, Tokyo, Japan) were used in 2006 , a HP/30ST towed stereo hydrophone system (Ecologic UK, Newport on Tay, United Kingdom) and Edirol R-09 digital audio recorder (Roland, Hamamatsu, Japan) were employed. Sampling rate was 44.1 kHz in all recordings. Recordings were carried out April-June off Kumano Coast and in September and October off Ogasawara. Additional data recorded off the Ogasawara Islands during 1994-2005 were provided by Ogasawara Whale Watching Association. We recorded the codas were recorded on various dates mainly in 2007 and 2008 (Appendix I), and thus, they were not thought to come from a small number of groups. A total of 77.5 h and 154.1 h data was obtained from Kumano and Ogasawara waters, respectively. Although photoidentification studies were carried out during the acoustic survey, sample sizes were too small for any 1 individual or 1 group and therefore comparison of the coda repertoires among groups or units was not possible.
We detected codas by listening and visual inspection of waveform on Adobe Audition 3.0 software (Adobe Systems Inc. 1992 , and confirmed them using Rainbow Click software (Gillespie 1997) . Interclick intervals of each coda were measured and standardized by dividing by coda duration (Weilgart and Whitehead 1997) . Codas were classified into types using k-means cluster analysis based on Euclidean distance by R 2.14.1 (R Development Core Team 2011). The number of coda types was determined by examining the decrease of within-group sum-of-squares as the number of clusters increased. We selected the number of clusters after which the decline of the within-group sum-ofsquares clearly slowed. Coda types were named by the pattern of mean interclick interval of each clustered coda type following Weilgart and Whitehead (1997) . Codas with similar interclick intervals were designated by the number of clicks followed by an ''R,'' those with steadily elongated interclick intervals were followed by an ''S,'' and those having a long interval used a ''þ'' to indicate the gap (e.g., 2þ1 indicates a longer gap before the 3rd click than that between the first 2 clicks).
The number of clicks in each coda, duration of codas with the same number of clicks, and overall repertoire (proportion of each coda type relative to the total) were compared between Kumano and Ogasawara waters. All statistical analyses were performed with R 2.14. 
RESULTS
Distinct codas were found from the data off the Kumano Coast and Ogasawara, n ¼ 1,043 and n ¼ 1,538, respectively. The distribution of the number of clicks in each coda (Fig. 2) was different between the 2 areas (Kolmogorov-Smirnov tests, KS ¼ 0.108, n ¼ 1,043, 1,538, P , 0.0001). In general, codas from Kumano waters tended to contain more clicks than those of Ogasawara whales, mainly because there were more 3-click codas from Ogasawara (Mann-Whitney test, U ¼ 728,071.5, n ¼ 1,043, 1,538, P , 0.0001), but Ogasawara whales more frequently used codas with more than 10 clicks (Fig. 2) .
The durations of codas with the same numbers of clicks (Fig.  3) were significantly longer in duration in Ogasawara than in Kumano waters (Mann-Whitney test; 3 clicks U ¼ 36,543.5, n ¼ 132, 497, P ¼ 0.0438; 4 clicks U ¼ 97,505.5, n ¼ 328, 310, P , 0.0001; 5 clicks U ¼ 24,746, n ¼ 178, 146, P , 0.0001; 6 clicks U ¼ 11,119.5, n ¼ 133, 89, P , 0.0001; 7 clicks U ¼ 6,611.5, n ¼ 138, 52, P , 0.0001; 8 clicks U ¼ 4,272, n ¼ 75, 66, P , 0.0001; 9 clicks U ¼ 1,235.5, n ¼ 35, 43, P , 0.0001; 10 clicks U ¼ 392, n ¼ 13, 36, P ¼ 0.0002).
Comparing the types of codas with the same numbers of clicks (Fig. 4) , repertoires from the 2 areas were significantly different in all comparisons (Fisher's exact test, P , 0.0001). Sperm whales off the Kumano Coast frequently produced codas with a long interval before the last click (þþ1). In contrast, sperm whales of Ogasawara waters mostly made codas with similar (R) or increasing (S) click intervals; see Fig. 4 .
DISCUSSION
Sperm whale vocal repertoires recorded off the Kumano Coast and Ogasawara Islands differed considerably in the number of clicks per coda, duration of codas, and relative coda type usage. This difference was so distinct for the distance of only about 1,000 km between 2 areas that it is unlikely that this difference was due to the random drift of cultural transmission suggested in the Atlantic (Antunes 2009 ). Considering the resemblance of coda type repertoire obtained in the 2 Japanese study areas to the repertoires reported from the vocal clans in the southern Pacific, existence of different vocal clans in the 2 areas is more plausible.
Codas recorded in Ogasawara were mostly composed of , 5 clicks (54.4%) and 3R and 1þ2 types, which are frequent types in the ''Short'' clan (Rendell and Whitehead 2003) , accounted for 26.5% of total codas. This suggests that most of the sperm whales in these waters belong to the Short clan, which is found widely in the South Pacific (Rendell and Whitehead 2003) . Long-distance longitudinal movements revealed by Discovery tags indicated a wide east-west reach of sperm whales in the North Pacific (Kasuya and Miyashita 1988; Mizroch and Rice 2013) . Thus, it is not surprising that sperm whales off Ogasawara belong to the Short clan, which has a wide distribution across the eastern tropical through the southern Pacific (Rendell and Whitehead 2003) . In contrast, codas recorded off the Kumano Coast contained many þþ1 types, which suggests a repertoire similar to the ''þþ1/þ1þ1'' clan only reported once off Tonga (Rendell and Whitehead 2003) . To definitively designate the clans of individuals from 2 regions off Japan, a direct comparison of coda repertoires assigned to social units in this region with those from the clans already identified in other parts of the Pacific will be necessary.
The lack of data linking codas to individuals, groups, or family units has prevented examining whether different clans exist sympatrically in the 2 study areas off Japan, as is the case for sperm whales around the Galapagos Islands (Rendell and Whitehead 2003) . The variation in the number of clicks in a coda and coda duration was high in Ogasawara waters (Figs. 2  and 3 ), which might indicate the presence of more than 1 clan using these waters.
We compared codas containing the same numbers of clicks, and noted that coda length was significantly greater in Ogasawara than in Kumano. Previous studies on coda repertoires have usually divided interclick interval values by the coda duration and thus used only information on tempo. Our findings suggest that the absolute duration of a coda is different among some clans and that this might be a useful measurement to include in future comparisons of vocalizations of sperm whale behavior.
Pacific sperm whales cover distances of more than 1,000 km in a timescale of years and their long-distance movements are not constrained by bathymetric or oceanographic factors Mizroch and Rice 2013) . The mitochondrial genetic structure of females and immature sperm whales is based on a matrilineal structure, rather than a geographic structure (Rendell et al. 2011) . As a result, sperm whale clans can have overlapping ranges and their distribution does not show a geographic pattern in the eastern tropical Pacific (Whitehead et al. 2012) . In contrast, our results suggest a geographic segregation of clans off the Pacific coast of Japan.
The oceanographic environments of the 2 Japanese research areas were notably different. Off the Kumano Coast, the strong Kuroshio Current, one of the strongest currents in the world, flows northeastward. There is no similar strong current off the Ogasawara Islands and a thick isothermal layer, called the North Pacific Subtropical Mode Water sits at 150-to 400-m depth almost year-round (Taneda et al. 2000) . The contrasting oceanographic conditions in these 2 areas suggest 2 considerably different feeding environments for sperm whales, which might require different foraging strategies. A distinct difference in the diving behavior of sperm whales in these 2 areas has been described using data loggers (Aoki et al. 2007) . Sperm whales off the Ogasawara Islands showed a distinct diel pattern in dive depth, whereas sperm whales off the Kumano Coast did not. This difference in foraging behavior is considered to be a direct result of the behavior and distribution of prey, mainly mesopelagic squids, which in turn depends on the oceanographic structure (Aoki et al. 2007) . Off the Ogasawara Islands, the margin of the North Pacific Subtropical Mode Water helps concentrate prey that vertically migrates and sperm whales dive to the depths at night, whereas whales use vertically dispersed prey off the Kumano Coast. However, different foraging tactics also may have a cultural basis, at least in part. Off the Galapagos Islands, sympatric sperm whales from different clans show different horizontal movement patterns, defecation rates, diving synchronies, and stable isotope compositions, suggesting clan-specific foraging tactics (Whitehead 2003; Whitehead and Rendell 2004; Marcoux et al. 2007 ). Distinct oceanographic conditions might favor a foraging tactic in a certain clan that is suitable for the feeding environment, or help sperm whales of each clan develop specific foraging tactics through social learning. This might be the reason for the clear geographic pattern in clan distributions off Japan. Kasuya and Miyashita (1988) documented 2 stocks of sperm whales off the western North Pacific south and north of the Kuroshio-Oyashio Front (Fig. 1) . They indicated that the contrasting oceanographic features of the front could act as a barrier that hinders the movement of female and immature sperm whales to cross it, despite their large home ranges. A similar barrier may exist between the Kuroshio Current area and offshore stable waters because of differences in oceanographic processes. Whether this is the case or not, there are at least 2 sperm whale clans in the range of the southwestern North Pacific stock as proposed by Kasuya and Miyashita (1988) . There is no genetic information from these 2 areas and it is possible that there is a significant genetic differentiation, as reported in the eastern North Pacific . Even with a lack of genetic evidence, however, these 2 clans of sperm whales off Japan should be treated as different management units. Our findings highlight the importance of assessing vocal culture as a tool for the management of sperm whales.
